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Description 

Background of the invention 



This invention relates to an image pickup apparatus 
according to the preamble of claim 1 . 

Some image pickup apparatus such as video cam- 
eras use a solid-state image sensor composed of pho- 
todiodes and charge -coup led devices (referred to as 
CCDs hereafter). A driver for such a solid-state image 
sensor greatly affects the performance of the image 
pickup apparatus. As will be explained later, a prior art 
driver and a background driver have some problems. 

An image pickup apparatus according to the pream- 
ble of claim 1 is known from EP 0 141 466. According 
to this document, a self scanning type image sensor for 
. converting an optical signal to an electric signal com- 
prises a photo transistor array composed of a plurality 
of phototransistors for converting an optical signal to an 
electric current signal; a first current switch array com- 
posed of a plurality of current switches which are con- 
nected with saki plurality of phototransistors respective- 
ly; a plurality of decoder circuits each for selecting one 
of said plurality of current switches o1 said first current 
switch array according to a first control signal; a second 
current switch array composed of a plurality of current 
switches for selecting one of said plurality of decoder 
circuits according to a second control signal; a current 
source circuit for supplying a current to said selected 
one of said plurality of decoder circuits through selected 
one of said plurality of current switches of said second 
current switch array; a drive circuit for producing said 
first control signal applied to each of said plurality of de- 
coder circuits and said second control signal applied to 
said second current switch array; and an output circuit 
for converting said current signal from said phototran- 
sistor array to a voltage signal. 

From GB-A-1 1 87 868, a counter for counting an in 
Gray code is known comprising means responsive to 
incremental changes in a count and the sense of the 
changes to produce a first binary signal which changes 
in state each time the count is even and changes to the 
next number below and vice versa and a further signal 
which occurs when an even count changes to the next 
odd number above and vice versa, with no change in 
the first signal during occurrence of the further signal, a 
plurality of bistable counting stages, each for one digit 
of the code, the least significant stage being controlled 
by the first signal to assume a state corresponding to 
the state of that signal (the said state of the stage being 
zero H the count is zero), and control means responsive 
to the states of the stages and operative when said fur- 
ther signal occurs to change the state of one of the sec- 
ond or subsequent stages, such that one of those stages 
is changed in state when the immediately preceding 
stage is indicating a binary "one* and all the other pre- 
ceding stages (if any) indicate a binary "zero". 



SUI^MARY OF THE INVENTION 

It is an object of this invention to provide an inn- 
proved image pickup apparatus. 
5 This object is achieved by the features of independ- 
ent claim 1 . 

Preferred embodiments are described in the de- 
pendent claims. 



10 BRIEF DESCRIPTION OF T HE DRAWINGS 

Fig. 1 is a block diagram of a prior art image pickup 
apparatus. 

Fig. 2 is a block diagram of the prior art image pick- 
15 up apparatus. 

Fig. 3 is a timing diagram showing the waveforms 
of signals inputted into and outputted from a binary code 
counter. 

Fig. 4 is a block diagram of an image pickup appa- 
20 ratus according to a first embodiment of this invention. 
Fig. 5 is a block diagram of the image pickup appa- 
ratus according to the first embodiment of this invention. 

Fig. 6 is a timing diagram showing the waveforms 
of signals inputted into and outputted from the Gray 
25 code counter used in the image pfekup apparatus of 
Figs. 4 and 5. 

Fig. 7 is a block diagram of the Gray code counter 

of Fig. 5. 

Fig. 8 is a timing diagram showing the wavefomns 
30 of various signals in the Gray code counter of Fig. 7. 

Fig. 9 is a block diagram of a prior art multi-input 
AND circuit. 

Fig. 10 is a block diagram of an image pickup ap- 
paratus according to a second embodiment of this in- 
35 vention. 

Fig. 11 is a frequency-domain diagram showing sig- 
nals in the image pickup apparatus of Fig, 10. 

Figs. 12 and 13 are time-domain diagrams which 
show timings at which signals change in logic state in 
40 modifications of the second embodiment of this inven- 
tion. 



DESCRIPTION OF THE PR IOR ART AND 
RACKGROUND ART 



45 



With reference to Fig 1. a prior art image pickup 
apparatus includes a lens 1 and CCDs (an array of 
CCDs) 2. Light passes through the lens 1 and then 
reaches the CCDs 2, being converted by the CCDs 2 
50 into a corresponding electric signal. The output signal 
from the CCDs 2 is fed to a signal processing circuit 3. 
being converted by the signal processing circuit 3 into 
a corresponding video signal of a predetermined format. 
The video signal is fed to a later stage, that is. a video 
55 signal circuit (not shown). 

The CCDs 2 and the signal processing circuit 3 are 
driven by a clock signal 12 and a synchronizing signal 
1 3 fed from a drive signal generating circuit 4. The drive 
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signal generating circuit 4 includes a quartz -crystal res- 
onator 5, a clock generator 6, and a synchronizing signal 
generator 7. 

As shown in Fig. 2. the clock generator 6 includes 
an oscillation circuit 8. a binary code counter 9. a de- 
coder 10, and a latch circuit 11. The oscillation circuit 8 
cooperates with the quartz-crystal resonator 5, gener- 
ating a reference clock signal. The binary code counter 
9 divides the frequency of the output signal from the os- 
cillation circuit 8. The decoder 10 decodes the output 
signal from the binary code counters. The latch circuit 
11 latches the output signal from the decoder 10, and 
feeds the clock signal 1 2 to the CCDs 2 as a clock signal 
for charge transfer. 

The synchronizing signal generator 7 is basically 
similar in design to the clock generator 6, and includes 
a quartz-crystal resonator, an oscillation circuit; a binary 
code counter, a decoder, and a latch circuit. The latch 
circuit feeds a signal T3 to the signal processing circuit 
3. The signal 13 is used as a synchronizing signal for 
the signal processing, a synchronizing signal of a tele- 
vision signal, a clamp pulse signal, or a blanking pulse 
signal. 

Since the ckx:k generator 6 and the synchronizing 
signal generator 7 have similar parts, it is desirable to 
form the clock generator 6 and the synchronizing signal 
generator 7 on a single chip. 

A description will now be given of a conceivable de- 
sign (which Is not prbr art to this invention) in which the 
clock generator 6 and the synchronizing signal genera- 
tor 7 are composed of a single chip, and some of the 
parts of the devices 6 and 7 are used in common. In the 
conceivable design, the output signal 14 from the oscil- 
lator circuit 8 within the clock generator 6 is fed to the 
binary code counter within the synchronizing signal gen- 
erator 7. Thus, the binary code counter within the syn- 
chronizing signal generator 7 continues the counting op- 
eration in response to the output signal from the oscil- 
lation circuit 8 within the clock generator 6. A portion of 
the output signal from the latch circuit within the syn- 
chronizing signal generator 7 is fed to the binary code 
counter 9 within the clock generator 6 as a control signal 
1 5 so that the counting operation of the binary code 
counter 9 will be suspended during a scanning period, 
and that the counting operation of the binary code coun- 
ter 9 will be executed during a blanking period. As a re- 
sult, the output signal from the latch circuit within the 
clock generator 6 is fed to the CCDs 2 as a clock signal 
12for charge transfer. In addition, the output signal from 
the latch circuit within the synchronizing signal genera- 
tor 7 is fed to the signal processing circuit 3 as a syn- 
chronizing signal 13 for signal processing. 

The inventors performed experiments on the con- 
ceivable design and found the following facts. In the 
case where the clock generator 6 and the synchronizing 
signal generator 7 were formed on a common semicon- 
ductor substrate and were cornposed of a single chip, 
and where the counter for counting reference clock puls- 



es to generate 1 -H periods (one horizontal scanning pe- 
riods) was composed of a binary code counter in the 
synchronizing signal generator 7, jitter components 
were given to a high-speed drive pulse signal (for ex- 

5 ample, a horizontal transfer pulse signal) at a timing 
where many bits of the counter simultaneously changed 
in digit value. As a result, a final image reproduced on 
the screen of a display was contaminated by vertical 
stripe noise of a fixed pattern. 

70 This problem in the conceivable design will be fur- 
ther described. In the case where a binary code counter 
is fed with a clock signal having a waveform of the pan 
(A) of Fig. 3, the binary code counter divides the fre- 
quency of the ckDck signal by factors of 1/2= 1/4, 1/8, ... 

IS so that the binary code counter outputs a signal of bits 
having waveforms of the part (B) of Fig. 3. In Fig. 3, at 
timings t1 and t3. five output bits of the counter change 
simultaneously In addition, at a timing t2. four output 
bits of the counter change simultaneously. 

20 In the conceivable design including a single chip 
forming both the clock generator 6 and the synchroniz- 
ing signal generator 7, at such timings t1 , t2. and t3 
where many output bits of the binary code counter 
change simultaneously, a trigger-like power supply cur- 

2S rent greater than a normal power supply current flows 
through the circuit in the chip. The trigger-like current 
causes fixed-pattem noise components in the output 
video-information signals from the CCDs 2 and the sig- 
nal processing circuit 3. The noise components result in 

30 vertical stripes in a finally-reproduced image. Further, 
the trigger-like current causes undesired radiation which 
interferes with the operation of peripheral circuits. 

It was found that a similar problem arose when the 
counter within the clock generator 6 was composed of 

35 a binary code counter. 

DESCRIPTION OF THE FIRST PREFERRED 
- Ef^BODIMENT 

40 With reference to Figs. 4 and 5, an image pickup 
apparatus includes a lens 1 and CCDs (an array of 
CCDs) 2. Light passes through the lens 1 and then 
reaches the CCDs 2, being converted by the CCDs 2 
into a corresponding electric signal. The output signal 

45 from the CCDs 2 is fed to a signal processing circuit 3, 
being converted by the signal processing circuit 3 into 
a corresponding video signal of a predetermined format. 
The video signal is fed to a later stage, that is, a video 
signal circuit (not shown). 

50 The CCDs 2 and the signal processing circuit 3 are 
driven by a clock signal 12 and a synchronizing signal 
1 3 fed from a drive signal generating circuit 4A. The 
drive signal generating circuit 4A includes a quartz -crys- 
tal resonator 5. a clock generator 6A. and a synchroniz- 

55 ing signal generator 7A. The clock generator 6A and the 
synchronizing signal generator 7A are composed of a 
single common chip. 

As shown in Fig. 5, the clock generator 6A includes 
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an oscillation circuit 8, a Gray code counter 16, a de- 
coder 10A, and a latch circuit 11 A. The oscillation circuit 
8 cooperates with the quartz -crystal resonator 5, gener- 
ating a reference clock signal. The Gray code counter 
16 divides the frequency of the output signal from the 
oscillation circuit 8. The decoder 10A decodes the out- 
put signal from the Gray code counter 16. The latch cir- 
cuit 11 A latches the output signal from the decoder 1 0A. 
and feeds the clock signal 1 2 to the CCDs 2 as a clock 
signal for charge transfer. 

The synchronizing signal generator 7A is basically 
similar in design to the clock generator 6A, and includes 
a quartz-crystal resonator, an oscillation circuit, a Gray 
code counter, a decoder, and a latch circuit. The latch 
circuit feeds a signal 13 to the signal processing circuit 
3. The signal 1 3 is used as a synchronizing signal for 
the signal processing, a synchronizing signal of a tele- 
vision signal, a clamp_pulse signal, or a blanking pulse 
signal. 

In the clock generator 6 A, the reference clock signal 
fed from the oscillator circuit 8 to the Gray code counter 
16 has a waveform as shown in the part (A) of Fig. 6. 
The Gray code counter 16 divides the frequency of the 
reference clock signal by factors of 1/2, 1/4, 1/8. ... so 
that the Gray code counter 16 outputs a signal of bits 
haying waveforms of the part (B) of Fig. 6. As shown in 
Fig. 6. at each transition in the reference clock signal, 
only one of the bits of the output signal from the Gray 
code counter 16 undergoes a change. Therefore, it is 
possible to limit the variation of the power supply current 
within an acceptable range where a trigger-tike power 
supply current Is prevented from flowing through the re- 
lated circuit. Thus, vertical stripe noise is prevented from 
.occurring in a finally-reproduced image, and undesired 
radiation is also prevented from occurring. 

As shown in Fig. 7. the Gray code counter 16 in- 
cludes a clock input terminal 17 and a set of J-K flip- 
flops 21-26 corresponding to first to sixth counting stag- 
es (bits) respectively. The reference clock signal output- 
ted from the oscillation circuit 8 (see Fig. 5) is fed to the 
clock terminals CK of the J-K flip-flops 21-26 via the 
clock input terminal 1 7. 

The J terminal and the K terminal of each of the J- 
K flip-flops 21-26 are connected in common. The first- 
stage J-K flip-flop 21 are connected to a power supply 
terminal 1 8. The Q output terminal of the first-stage J-K 
flip-flop 21 is connected to the J terminal and the K ter- 
minal of the subsequent-stage J-K flip-flop 22. The NQ 
output terminal of the first-stage J-K flip-flop 21 is con- 
nected to a first input terminal of a logic gate 27 for logic 
decoding. A second input terminal of the logic gate 27 
is connected to the Q output terminal of the second- 
stage J-K flip-flop 22. The output terminal of the logic 
gate 27 is connected to the J terminal and the K terminal 
of the third-stage J-K flip-flop 23. 

Similarly, togic gates 28-36 for logic decoding are 
connected among the third-stage, fourth-stage, fifth- 
stage, and sixth-stage J-K flip-flops 23, 24, 25, and 26. 



The decoding logic gates 27-36 are composed of two- 
input AND gates. 

Logic gates 37-42 are connected to the specific Q 
output terminals and the NQ output terminals of the J-K 
5 flip-flops 21 -26. The logic gates 37-42 serve to equalize 
the number of bit or bits simultaneously subjected to 
changes. In additton. logic gates 43-59 for adjusting load 
capacitances are connected to the set of the J-K flip- 
flops 21 -26, the set of the logic gates 27-36, and the set 
10 of the logic gates 37-42. The logic gates 37-59 are com- 
posed of two-input AND gates, 

A terminal 20 leading the logic gate 42 is subjected 
to a positive power supply voltage or a high-level fixed 
voltage. Respective counting stages of the Gray code 
IS counter 16 include output terminals 60-65 correspond- 
ing to bits respectively. The output terminals 60-65 are 
connected to the Q output terminals of the J-K flip-flops 
21-26 respectively. 

Fig. 8 shows the waveforms of various signals in 
20 the Gray code counter 16 of Fig. 7. In Fig. 8, the numer- 
als denote the waveforms of the signals inputted into 
and outputted from the devices represented by the 
same numerals of Fig. 7. Specifically, in Fig. 8, the nu- 
meral 17 denotes the waveform of the reference clock 
2S signal inputted via the input terminal 17 of Fig. 7, and 
the numerals 60-65 denote the waveforms of the output 
signals which appear at the output terminals 60-65 of 
Fig. 7 respectively. In addition, the numerals 27-36 de- 
note the waveforms of the output signals from the de- 
30 coding logic gates 27-36 respectively, and the numerals 
37-42 denote the waveforms of the output signals from 
the change-bit-number controlling logic gates 37-42 re- 
spectively. In Fig. 8, the numeral 66 denotes the numbe r 
of the output signals from the gates which simultane- 
35 ously undergo changes. 

A description will now be given of the operation of 
the Gray code counter 1 6 of Fig, 7 with reference to Fig. 
* 8. In the case where the reference clock signal is input- 
ted via the input temninal 17. the Q output signal from 
40 the first-stage J-K flip-flop 21 is inverted at the moment 
of the occurrence of each falling edge in the reference 
clock signal, so that the Q output signal from the first- 
stage J-K flip-flop 21 has a waveform 60 (21 ) of Fig. 8. 
The Q output signal from the first-stage J-K flip-flop 
45 21 is fed to the J terminal and the K terminal of the sec- 
ond-stage J-K flip-flop 22. Thus, the Q output signal from 
the second-stage J-K flip-fiop 22 is inverted at the mo- 
ment of the occurrence of each rising edge in the refer- 
ence clock signal, provided that the Q output signal from 
50 the first-stage J-K flip-flop 21 is in its high-level state. As 
a result, the Q output signal from the second-stage J-K 
' flip-flop 22 has a waveform 61 (22) of Fig. 8. 

The NQ output signal from the first-stage J-K flip- 
flop 21 and the Q output signal from the second-stage 
55 J-K flip-flop 22 are inputted into the logic gate 27. and 
are decoded by the logic gate 27 into a pulse signal 
which is fed to the J terminal and the K terminal of the 
third-stage J-K flip-flop 23. Provided that the Q output 
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signal from the second-stage J-K flip-flop 22 is In its 
high-level state and the HQ output signal from the first- 
stage J-K flip-flop 22 is in its high-level state, the Q out- 
put signal from the third-stage J-K flip-flop 23 is inverted 
at the moment of the occurrence of each rising edge in 
the reference clock signal. As a result, the Q output sig- 
nal from the third-stage J-K flip-flop 23 has a waveform 
62 (23) of Fig. 8. 

The later stages perform similar processes. Specif- 
ically, the logic gates 25 and 29 receive the Q output 
signal from the third-stage J-K flip-flop 23 and the NQ 
output signals from the first-stage and second-stage J- 
K flip-flops 21 and 22, decoding the received signals Into 
a pulse signal which is fed to the fourth-stage J-K flip- 
flop 24. The logic gates 30, 31 , and 32 receive the Q 
output signal from the fourth-stage J-K flip-flop 24 and 
the NQ output signals from the first-stage, second- 
stage, and third-stage J-K flip-flops 21 , 22, and 23. de- 
coding the received signals into a pulse signal which is 
fed to the fifth-stage J-K flip-flop 25. The logic gates 33, 
34, 35, and 36 receive the Q output signal from the fifth- 
stage J-K flip-flop 25 and the NQ output signals from the 
first-stage, second-stage, third-stage, and fourth-stage 
J-K flip-flops 21 ; 22, 23; and 24. decoding the received 
signals Into a pulse signal which is fedto-the sixth-stage 
J-K flip-flop 26. As a result, the Q output signals from 
the fourth-stage and later stage J-K flip-flops 24-26, that 
is, the output signals induced at the output terminals 
63-65, have waveforms 63-65 (24-26) of Fig. 8. In addi- 
tion, the output signals from the logic gates 27-36 have 
waveforms 27-36 of Fig. 6. 

As shown in Fig. 8, the output bit signals 60-65 from 
the Gray code counter 16 compose a Gray code output 
signal in which only one of the bits undergoes a logic 
state change at each transition timing. In Fig. 8, the nu- 
meral 66 denotes the number of the signals among the 
signals 60-65, 27-36. and 37-42 which simultaneously 
undergo logic-state changes. Specifically, at a first tran- 
sition timing, the signal 61 changes from the low level 
to the high level while the signal 39 changes from the 
high level to the low level. Thus, at the first transition 
timing, the number of the signals which simultaneously 
undergo logic-state changes is equal to 2. At a second 
transition timing, the signals 60 and 27 change simulta- 
neously in logic state, and the number of the simultane- 
ously-changing signals is also equal to 2. At a third tran- 
sition timing, the signals 62 and 38 change simultane- 
ously in logic state, and the number of the simultane- 
ously-changing signals is also equal to 2. Similarly, at 
later transition timings, the number of the simultaneous- 
ly-changing signals is maintained at 2. Thus, in the Gray 
code counter of Fig. 7. the number of the simultaneous- 
ly-changing signals is limited to 2. This is advantageous 
in preventing vertical stripe noise from occurring in a fi- 
nally-reproduced image, and preventing undeslred ra- 
diation. 

The decoding logic gates 28-36 and the change-bit- 
number controlling logic gates 37-40 are designed so 



as to equalize the number of simultaneously-changing 
signals. Specificafly. the logic gates 28 and 29 compose 
a 4-input AND gate which is quite different from a well- 
known typical 4-input AND gate shown in Fig. 9. In the 
5 well-known 4-input AND gate of Fig. 9. a lower bit 14 
changes at a low frequency while a higher bit II changes 
at a higher frequency, so that there periodically occurs 
a timing at which both the lower bit 14 and the higher bit 
II change simultaneously. Therefore, by using the well- 
10 known 4-input AND gate of Fig. 4. it is generally difficult 
to equalize the number of simultaneously-changing sig- 
nals. On the other hand, in the embodiment of this in- 
vention, the output signal trom the first logic gate 28 is 
inputted into the second logic gate 29 so as to virtually 
IS compose a 4-input AND gate. This arrangement en- 
sures that the number of simultaneously-changing sig- 
nals will always be equalized. The set of the logic gates 
30-32, the set of the logic gates 33-36, and the set of 
the logic gates 37-40 are designed similarly. 
20 In the Gray code counter 1 6 of Fig. 7, the NQ output 
terminals of the J-K flip-flops 21 -26 are connected to dif- 
ferent numbers of the logic gates selected from the de- 
coding logic gates 27-36 and the change-bit-number 
controlling logic gates 37-40. Specifically, the NQ output 
2S terminal of the first-stage J-K flip-flop 21 is connected 
to the five logic gates 27. 29, 32, 36, and 40 while the 
NQ output terminal of the second-stage J-K flip-flop 22 
is connected to the four logic gates 28, 31 . 35, and 39. 
Further, the NQ output terminal of the third-stage J-K 
30 . flip-flop 23 is connected to the three logic gates 30. 34, 
and 38 while the NQ output terminal of the fourth-stage 
J-K flip-flop 24 is connected to the two logic gates 33 
and 37. In addition, the NQ output terminal of the fifth- 
stage J-K flip-flop 25 is connected to the one logic gate 
3S 37 while the NQ output terminal of the final-stage J-K 
flip-flop 26 is not connected to any logic gate. 

When the J-K flip-flops 21 -26 are connected to dif- 
ferent numbers of the logic gates in this nnanner, the load 
capacitances of the output lines of the respective count- 
40 ing stages of the Gray code counter 16 would be une- 
ven. Such an unevenness might cause counting noise 
of uneven levels in response to the reference clock sig- 
nal. In the Gray code counter 16 of Fig. 7, the capaci- 
tance-adjusting logic gates 43-59 are added in order to 
45 remove such an unevenness in the load capacitances 
of the output lines of the respective counting stages. 
Specifically, the logic gate 43 is provided for the second- 
stage J-K flip-flop 22, and the logic gates 44 and 45 are 
provided for the third-stage J-K flip-flop 23. The logic 
50 gates 46-48 are provided for the fourth-stage J-K flip- 
flop 24. The logic gates 49-52 are provided for the fifth- 
stage J-K flip-flop 25. The logic gates 53-57 are provided 
for the sixth-stage J-K flip-flop 26. According to this ar- 
rangement, the J-K flip-flops 21-26 are connected to 
55 equal numbers of logic gates so that the load capaci- 
tances of the output lines of the respective counting 
stages can be even. Specifically, the first-stage J-K flip- 
flop 21 is connected to the five logic gates 27, 29. 32. 
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36, and 40, and the second-stage J-K flip-flop 22 is also 
connected to the five logic gates 28. 31 . 35. 39, and 43. 
The third-stage J-K flip-flop 23 is also connected to the 
five logic gates 30, 34, 38, 44. and 45. The fourth-stage 
J-K flip-flop 24 is also connected to the five logic gates 
33. 37, 46. 47, and 48. The fifth-stage J-K flip-flop 25 is 
also connected to the five logic gates 37. 49, 50. 51 . and 
52. The sixth-stage J-K flip-flop 26 Is also connected to 
the five logic gates 53-57. 

The capacitance-adjusting logic gates 58 and 59 
are used in processing the output signals from the 
change-bit-number controlling logic gates 37-42. 

This embodiment may be modified in various ways. 
For example, the design of Fig. 7 may be modified to 
compose an n-bit Gray code counter where "n" denotes 
a natural number different from 6. In this modification, 
the J terminal and the K terminal of a k-th-bit J-K flip- 
flop are fed with an output pulse signal from a set of logic 
gates which cooperate to decode the Q output signal 
from a (k-1 )-th-bit J-K flip-flop and the NQ output signals 
from a 1 -st-bit to a {k-2)-th-bit J-K flip-flops. 

In a second modification, the AND gates 27-59 are 
replaced by D flip-flops and Exclusive-OR gates. In a 
third modification, the decoding AND gates 27-36 are 
replaced by multi-input AND gates or other logic gates 
such as NAND gates. In the case where the decoding 
AND gates 27-36 are replaced by the NAND gates, a 
phase inverting process is performed at an input side or 
an output side. In a fourth modification, the change-bit- 
number controlling AND gates 37-42 and the capaci- 
tance-adjusting AND gates 43-59 are replaced by multi- 
input AND gates or other logic circuits. 



DESCRIPTION OF THE SECOND PREFERRED 
EMBODIMENT 



Fig. 10 shows a second embodiment of this inven- 
tion which is similar to the embodiment of Figs. 4-8 ex- 
cept for design changes indicated hereinafter. In the em- 
bodiment of Fig. 10, Gray code counters within a clock 
generator 6A and a synchronizing signal generator 7A 
are designed so that the frequency of the occurrence of 
simultaneous changes of signals in the Gray code 
counters will be higher than a frequency band of a video 
signal. Further, the embodiment of Fig. 10 additionally 
includes a low pass filter 67 which processes the output 
video signal from a signal processing circuit 3. The low 
pass filter 67 removes high-frequency noise compo- 
nents from the video signal and passes only true signal 
components of the video signal. The output signal from 
the low pass filter 67 is used as an output signal from 
an image pickup apparatus. 

As shown in Fig. 8. the output signals of respective 
counting stages of the Gray code counter change in log- 
ic state in synchronism with a reference clock signal 17. 
In addition, the output signals from logic gates 27-42 
change in logic state in synchronism with the reference 
clock signal 17. In other words, the timing of the occur- 



rence of simultaneous changes of signals (see the part 
66 of Fig. 8) is synchronous with the reference clock sig- 
nal 17. By setting the frequency of the reference clock 
signal 17 higher than the frequency band of the video 
5 signal, the frequency of the occurrence of simultaneous 
changes of signals in the Gray code counters is made 
higher than the frequency band of the video signal. 

The period of the occurrence of simultaneous 
changes of signals in the Gray code counters is now rep- 
10 resented by the character Tl as shown in Fig. 8. The 
frequency of the occurrence of simultaneous changes 
of signals in the Gray code counters is represented by 
the character f 1 . The period and the frequency have the 
relation as "f 1=1/T1 As shown in Fig. 11 . the frequency 
IS 11 is set higher than the upper limit fO of the frequency 
band of the video signal. It is well-known that the fre- 
quency band of a video signal depends on the format of 
the video signal. For example, the frequency band of an 
NTSC television signal is equal to 4.2 MHz. and the f re- 
20 quency bands of a PAL television signal and a SECAM 
television signal range from 5 MHz to 6 MHz. 

In this embodiment, even if simultaneous changes 
of signals in the Gray code counters cause noise, the 
frequency of the noise is higher than the frequency band 
25 of the video signal and therefore the noise is effectively 
removed from the video signal by the low pass filter 67. 

This embodiment may be modified as follows, in a 
modification of this embodiment, the Gray code 
counters are replaced by Johnson counters, ring 
30 counters, or other counters. In this modification, when 
simultaneous changes of signals in the counters have 
periods T2 and T3 as shown in Fig. 12, the related fre- 
quencies 12 (=1/T2) and f3 (=MT3) are set higher than 
the frequency band of the video, signal by suitably 
35 choosing the frequency of the reference clock signal. In 
addition, when simultaneous changes of signals in the 
counters have a period T4 as shown in Fig. 1 3, the re- 
lated frequency f 4 (=1 /T4) is set higher than the frequen- 
cy band of the video signal by suitably choosing the fre- 
40 quency of the reference clock signal. 



Claims 

45 1. An image pickup apparatus comprising: 

a solid-state image sensor (2) for converting 
light into an electrical signal; 

50 means (5, 8) for generating a reference clock 

signal; 

a Gray code output signal generating means for 
generating Gray code output signals in re- 
55 sponse to the reference clock signals; 

feeding means (11 A) for feeding a clock signal 
(12) generated from the Gray code output sig- 
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nals to the solid-state image sensor (2); 

characterized in that 

said Gray code output signal generating means s 
is a Gray code counter means for counting puls- 
es o1 said reference clock signal and for gener- 
ating said Gray code output signals; 

the Gray code counter means comprises a io 
Gray code counter (16) having n one-bit count- 
ing stages (21 - 26), where n denotes a prede- 
termined number equal to or greater than 3, 
with each of said counting stages (21 - 26) hav- 
ing a first and a second logical output, and a '5 
plurality of logic decoding means (27; 28. 29; 
30 - 32; 33 - 36) including different numbers x 
of multi-input logic circuits (27 -36). where x de- 
notes a respective natural number, each of said 
logic decoding means (27; 28. 29; 30 - 32 ; 33 20 
' 36) being provided for feeding a logic output 
to an input terminal of an associated k-th-bit 
counting stage (21 - 26). where kdenotes a nat- 
ural number from 3 to n. each of said logic de- 
coding means (27; 28. 29; 30 - 32 ; 33 - 36) be- 2S 
ing associated with a different counting stage, 
the logic output of a respective logic decoding 
means (27; 28, 29 ; 30 - 32; 33 - 36) fed to the 
associated counting stage being equivalent to 
the logic product of the first logic output of the 30 
directly preceding counting stage and the sec- 
ond logic output of each other preceding lower 
bit counting stage, each of said logic decoding 
means (27; 28, 29; 30 - 32; 33 - 36) which in- 
cludes a respective number x of two or more 3S 
multi-input logic circuits (27 - 36) comprising 
means for inputting and output signal of a j-th 
multi-input logic circuit into a (j+1 )-th multi-input 
logic circuit, where j denotes a natural number 
between .1 and (x-1 ), and means for feeding an 
output signal from the x-th multip-input logic cir- 
cuit to the input terminal of the associated 
counting stage; the Gray code counter (16) fur- 
ther comprising load-capacitance adjusting 
logic circuits (43 - 59), different numbers of said 45 
load-capacitance adjusting logic circuits (43 - 
59) being connected to the output terminals of 
different counting stages to equalize the num- 
bers of logic circuits composed of the multi-log- 
ic circuits (27 - 36) of the logic decoding means so 
and the load-capacitance adjusting logic cir- 
cuits (43 - 59) which are connected to the output 
terminals of the counting stages (21 - 26) in or- 
der to equalize the resulting load capacitances 
of the output lines associated with the respec- 55 
tive output terminals of the counting stages. 

2. The image pickup apparatus of claim 1 , 



characterized by: 

a signal processor (3) processing the output 
electrical signal of the solid-stage image sensor 
(2) into a video signal of a predetermined for- 
mat; 

said Gray code counter means comprising a 
first Gray code counter (16) for counting pulses 
of the reference clock signal and generating a 
first Graycode signal in response to the refer- 
ence clock signal; 

first means (10A) for decoding the first Gray 
code signal into a drive ck>ck signal (12); 

first means for feeding (11) the drive clock sig- 
nal (12) to the solid-state image sensor (2) to 
drive the solid-state image sensor (2); 

said Gray code counting means comprising a 
second Gray code counter (1 6) for counting the 
pulses of the reference clock signal and gener- 
ating a second Gray code signal in response to 
the reference clock signal; 

each of said first and second Gray code 
counters (16) comprising n one-bit counting 
stages (21 - 26), a plurality of logic decoding 
means (27; 28. 29; 30 - 32, 33 - 36) and load- 
capacitance adjusting logk: circuits (43 - 59); 

. second means (10A) for decoding the second 
Gray code signal into a synchronizing signal 
(13); and 

second means (11A) for feeding the synchro- 
nizing sigrial (1 3) to the signal processor (3) to 
control the signal processor (3). 

The image pickup apparatus of claim 2. 
characterized in that 

it comprises a single semiconductor circuit chip in- 
cluding said means for generating a reference clock 
signal, said first and second Gray code counters 
(16). and said first and second decoding means 
(10A). 



Patentanspruche 

1. Bildaufnahmevorrichtung, umfassend: 

einen Festkorperbildsensor (2), um Licht in ein 
elektrisches Signal umzuwandein; 

eine Einrichtung (5. 8) zum Erzeugen eines Re- 
ferenztaktsignals; 
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eine Gray-Code-Ausgangssignalerzeugungs- 
einrichtung, um Gray-Code-Ausgangssignale 
in Ansprechen auf die Referenztaktsignale zu 
erzeugen; 

5 

eine Zuf uhreinrichtung (1 1 A), um ein Taktsignal 
(12), das von den G ray-Code- Ausgangssigna- 
len erzeugt wird: dem Festkorperbiidsensor (2) 
zuzutuhren; 

10 

dadurch gekennzeichnet, daB 

die Gray-Code-Ausgangssignalerzeugungs- 
einrichtung eine Gray-Code-Zahlereinrichtung 
ist, um Impulse des Reterenztaktsignais zu 
zahlen und die Gray-Code-Ausgangssignaie 
zu erzeugen; 

die Gray-Code-Zahlereinrichtung einen Gray- 
Code-Zahler (16) umfa3t, der n Ein-Bit-Zahl- 20 
stufen (21 - 26) aufweist wobei n eine vorbe- 
stimmte Zahl gleich oder groBer als 3 ist, wobei 
jede der Zahlstufen (21 - 26) einen ersten und 
einen zwetten iogischen Ausgang aufweist, 
und eine Vielzahl von Logik-Decodieretnrich* 2S 
tungen (27; 28, 29; 30 - 32; 33 - 36) umfaBt. die 
verschiedene Anzahlen x von Logikschaltun- 
gen (27 - 36) mit mehreren Eingangen umfas- 
sen, wobei x eine jeweilige naturliche Zah! ist, 
wobei jede der Logik-Decodiereinriclitungen 30 
(27; 28, 29 ; 30 - 32; 33 - 36) zur Zufuhrung ei- 
nes Logikausganges an einen Eingangsan- 
* schluO einer zugeordneten Zahtstufe fur das k- 
te Bit (21 - 26) vorgesehen ist. wobei k eine na- 
tQrlk:he Zahl von 3 bis n ist, wobei jede der Lo- 35 
gik-Decodiereinrichtungen (27; 28, 29 ; 30 - 
32 ; 33 - 36) einer anderen Zahlstufe zugeord- 
net ist, wobei der i:.ogikausgang einer jeweili- 
gen Logik-Decodiereinrichtung (27 ; 28. 29; 30 

- 32; 33 - 36). der der zugeordneten Zahlstufe 40 
zugefuhrt wird, dem Logikprodukt des ersten 
Logikausganges der direkt vorausgehenden 
Zahlstufe und des zweiten Logikausganges je- 
der anderen vorausgehenden Zahlstufe fur das 
niedrigere Bit entspricht, wobei jede der Logik- 
Decodiereinrichtungen (27; 28, 29 ; 30 - 32 ; 33 

- 36). die eine jeweilige Anzahi x von zwei oder 
mehr Logikschaltungen (27 - 36) mit mehreren 
Eingangen umfaBt: eine Einrichtung zum Ein- 
geben und Ausgeben eines Signales einer j-ten so 
Logikschaltung mit mehreren Eingangen in ei- 
ne (j + 1)-te Logikschaltung mit mehreren Ein- 
gangen umfaBt, wobei j eine naturliche Zahl 
zwischen 1 und (x-1) bezeichnet, und eine Ein- 
richtung zum Zufuhren eines Ausgangsaussi- ss 
gnales von der x-ten Logikschaltung mit meh- 
reren Eingangen zu dem EingangsanschluB 

der zugeordneten Zahlstufe umfaBt; wobei der 



Gray-Code-Zahler (16) terner Lastkapazitats- 
einstellogikschaltungen (43 - 59) umfaBt, wobei 
verschiedene Anzahlen der Lastkapazttatsein- 
stellogikschaltungen (43 - 59) mit den Aus- 
gangsanschlussen von verschiedenen Zahl- 
stufen verbunden sind, um die Anzahlen an Lo- 
gikschaltungen auszugleichen, die aus den Lo-- 
gikschaltungen (27 - 36) mit mehreren Eingan- 
gen der Logikdecodiereinrichtungen und den 
Lastkapazitatseinstellogikschaltungen (43 - 
59) zusammengesetzt sind, die mit den Aus- 
gangsanschlQssen der Zahlstufen (21 -26) ver- 
bunden sind. um die resultierenden Lastkapa- 
zitaten der Ausgangsieitungen auszugleichen, 
die mit den jeweiligen Ausgangsanschlussen 
der Zahlstufen in Verbindung stehen. 

2. Bildaufnahmevorrichtung nach Anspruch 1 . 
gekennzeichnet durch 

einen Signalprozessor (3), der das elektrische 
Ausgangssignal des Festkorperbildsensors (2) 
in ein Videosignal eines vorbestimmten For- 
mats verarbeitet; 

wobei die Gray-Code-Zahlereinrichtung einen 
ersten Gray-Code-Zahler (16) zum Zahlen von 
Impulsen des Referenztaktsignals und zum Er- 
zeugen eines ersten Gray-Code-Signales in 
Ansprechen auf das Referenztaktsignal um- 
faBtr 

eine erste Einrichtung (10A) zum Decodieren 
des ersten Gray*Code-Signales in ein An- 
triebstaktsignal (12); 

eine erste Einrichtung zum Zufuhren (11) des 
Antriebstaktsignales (12) zu dem Festkorper- 
biidsensor (2), um den Festkorperbiidsensor 

(2) anzutreiben; 

wobei die Gray-Code-Zahlereinrichtung einen 
zweiten Gray-Code-Zahler (16) zum Zahlen 
der Impulse des Referenztaktsignales und zum 
Erzeugen eines zweiten Gray-Code-Signales 
in Ansprechen auf das Referenztaktsignal um- 
faBt; 

wobei jeder der ersten und zweiten Gray-Code- 
Zahler (16) n Ein-Bit-Zahlstufen (21 - 26). eine 
Vielzahl von Logik-Decodiereinrichtungen (27; 
28, 29 ; 30 - 32, 33 - 36) und Lastkapazitatsein- 
stellogikschaltungen (43 - 59) umfaBt; 

eine zweite Einrichtung (10A) zum Decodieren 
des zweiten Gray-Code-Signales in ein Syn- 
. chronsignal (13); und 
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eine zweite Einrichtung (11 A) zum Zufuhren 
des Synchronsignals (13) zu dem Signalpro- 
zessor (3), um den Signalprozessor (3) zu steu- 
ern. 

5 

3. Bildaufnahmevorrichtung nach Anspruch 2, 
dadurch gekennzeichnet, 

daQ sie einen einzelnen Halbleiterschaltungschip 
umfaGt, der die Einrichtung zum Erzeugen eines 
Refereriztaktsignales, die ersten und zweiten Gray- io 
Code-Zahler (1 6) und die ersten und zweiten Deco- 
dierelnrichtungen (10A) umfa3t. 



Revendications 

1. Dispositif de salsie d'image comprenant : 

un capteur dUmage k semi-conducteur (2) pour 
convertir la lumiere en un signal electrique ; 20 
un moyen (5, 8) pour generer un signal d'hor- 
loge de reference ; 

un moyen de generation de signaux de sortie 
en code Gray pour generer des signaux de sor- 
tie en code Gray en r^ponse aux signaux rfhor- 2S 
loge de reference ; 

un moyen d'application (1 1 A) pour appliquer un 
signal d'horloge (12) genere a partir des si- 
gnaux de sortie en code Gray au capteur d'ima- 
ge k semi-conducteur (2) ; 

caracterise en ce que 

ledit moyen de generation de signaux de sortie 
en code Gray est un moyen de compteur en co- 3S 
de Gray pour compter les impulsions dudit si- 2. 
gnal d'horloge de reference et pour generer les- 
dits signaux de sortie en code Gray ; 
le moyen de compteur en code Gray comprend 
un compteur en code Gray (1 6) comportant n 
stages de comptage a un bit (21 a 26) ou n re- 
presente un nombre predetermine egal a trois 
ou sup^rieur k trots, chacun desdits etages de 
comptage (21 a 26) comportant des premier et 
second moyens de sortie logiques et une plu- ^ 
ralite de moyens de decodage logiques (27 ; 
28. 29 ; 30 a 32 ; 31 a 36) incluant differents 
nombres x de circuits logiques k entrees multi- 
ples (27 a 36) ou x represente un nombre na- 
turel respectif, chacun desdits moyens de de- so 
codage logiques (27 ; 28, 29 ; 30 ^ 32 ; 33 & 36) 
etant congu pour appliquer une sortie logique 
k une borne d'entree d'un etage de comptage 
associe du k-leme bit associe (21 a 26), ou k 
represente un nombre naturel de trois a n. cha- 
cun desdits moyens de decodage logiques 
(27 ; 28. 29 ; 30 a 32 ; 33 a 36) etant associe a 
un etage de comptage different, la sortie logi- 



que du moyen de decodage logique respectif 
(27 ; 28. 29 : 30 a 32 : 33 a 36) applique a I'eta- 
ge de comptage associe etant equivalent au 
produit logique de la premiere sortie logique de 
r^tage de comptage directement precedent et 
de la second sortie logique de Tautre etage de 
comptage de bit de poids f aible precedent, cha- 
cun desdits moyens de decodage logiques 
(27 ; 28, 29 ; 30 a 32 ; 33 a 36) qui inclut un 
nombre respectif x de deux ou plus circuits lo- 
giques k entrees multiples (27 k 36) compre- 
nant un moyen pour entrer un signal de sortie 
d'un j-ieme circuit logique a entrees multiples 
dans un j+1 -ieme circuit logique a entrees mul- 
tiples, ou j represente uri nombre naturel situe 
entre 1 et (x-1), et un moyen pour appliquer un 
signal de sortie provenant du x-ieme circuit lo- 
gique a entrees multiples a la borne d'entree de 
r^tage de comptage associe : le compteur en 
code Gray (16) comprenant de plus des circuits 
logiques d'ajustement de capacite de charge 
(43 k 59), les differents nombres de circuits lo- 
giques d'ajustement de capacite de charge (43. 
59) etant relies aux bornes de sortie des diffe- 
rents etages de comptage pour egaliser les 
nombres des circuits logiques constitues des 
circuits logiques k entrees multiples (27 k 36), 
des moyens de decodage logique et des cir- 
cuits logiques d'ajustement de capacite de 
charge (43 a 59) qui sonl relies aux bomes de 
sortie des etages de comptage (21 a 26) afin 
d'egaliser les capacites de charge resultantes 
des lignes de sortie associees aux bornes de 
sortie respectives des etages de comptage. 

Dispositif de saisie d'image selon la revendication 
1, 

caracterise par : 

un processeur de signaux (3) traitant le signal 
electrique de sortie du capteur d'image k semi- 
conducteur (2) en un signal video d'un format 
predetermine ; 

ledit moyen de compteur en code Gray com- 
prenant un premier compteur en code Gray 
(16) peur compter les impulsions du signal 
d'horloge de reference et pour generer un pre- 
mier signal en code Gray en reponse au signal 
d'horloge de reference ; 
un premier moyen (10A) pour decoder le pre- 
mier signal en code Gray en un signal d'horloge 
d'attaque (12); 

un premier moyen pour appliquer (11) le signal 
d'horloge d'attaque (12) au capteur d'image a 
semi-conducteur (2) pour attaquer le capteur 
d'image k semi-conduct eur (2) ; 
ledit moyen de comptage en code Gray com- 
prenant un second compteur en code Gray (1 6) 
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pour compter les impulsbns du signal d'horto- 
ge de reference et pour gen^rer un second si- 
gnal en code Gray en r^ponse au signal d'hor- 
loge de reference ; 

chacun desdits premier et second compteurs s 
en code Gray (16) comprenant n Stages de 
comptage ^ 1 bit (21 h 26), une plurallte de 
moyens de decodage logique (27 ; 28, 29 ; 30 
a 32 ; 33 h 36] et des circuits logiques d*ajus- 
tement de capacite de charge (43 k 59) ; 
un second moyen (10A) pour decoder le se- 
cond signal en code Gray en un signal de syn- 
chronisation (13) ; et 

un second moyen (11 A) pour appliquer le signal 
de synchronisation (13) au processeur de si- is 
gnaux (3) afin de commander le processeur de 
signaux (3). 

. Dispositif de saisie-d'image selon la revendication 
2, 20 
caracterise en ce qu'll 

comprend une puce de circuit h semi-conduc- 
teur unique inciuant lesdits moyens pour gSnerer 
un signal d*horloge de reference, lesdits premier et 
second compteurs en code Gray (1 6) et lesdits pre- 2S 
mier et second moyens de d6codage (10A). 
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